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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO. 1018

THE SYNTHESIS AND PURIFICATION OF AROMATIC HYDROCARBONS
I - BUTYLBENZENE

. By Joseph.V. Karabinos and Joseph M. Lamberti
~ .  SUMMARY
A 13—gallon“guantit& of'but&lbénzene was synthesized and puri-
fled by large-séale preparation of 4~phenyl-l-butene from benzyl-
magneslum chloride and 811yl chloride with subsequent hydrogenation
of the olefin. The physical constants for pure samples of 4~phenyl-

l-butene and butylbenzene weire determined and the position of the
double bond 1in the olefin was established

SV " INTRODUGTION

The synthesls and purification .of aromatic hydrocaerbons is
part of a general investigation belng conducted at the NACA Cleveland
laborstory on the evaluation of such compounds as antiknock blending
agents for ocurrent aviation fuels. The investigation includes the
aromatics from benzene through all of the possible structures with
9 carbon atoms and some with 10 carbon atoms,. Several of the aromatic
hydrocarbons were obtained from commerclal sources and were purified
py fractional distillation, fractlonal ocrystallization, or by -chem-
lcal means. The compounds that could not be commerclally cbtained
were synthesized by the Organic Synthesis Section of the Fuels and
Lubricants Dlvision. .

The present report, which is the first of a series dealing with
the preparation of hydrocarbons for use in engine tests at the
Cleveland laboratory, describes the synthesis and purification of a
13- gallon quantity of pure butylbenzene and presents physlcal prop-
ertlee of butylbenzene and 4-phenyl-l-buterné. -~ Beéause there is
conslderable discrapancy 'in the literature as'to the correct physical
properties for the 'glefin, the position. of the double bond was deter-
mined by ozonolysis. The synthesis described herein involves the
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preparation of 4-phenyl-l-butene and subsequent hydrogeration of
the olefln to butylbenzene. A number of methods of syuthcslging
these hydrocarbons are glven in the llterature, but ouiy the rela-
tively recent papers will be oclted.

The olefin 4-phenyl-l-butenc was prepared by ccndensation of
benzylmagnesium chloride with allyl chloride in refervnce 1 and
from the same Grignard reagent with allyl-p-tcluencsulfonate in
roference 2. The olefin has also boen preparcd by the cordensation
»f benzylmaegnesium bromide with allyl chloride (reference 3), by
the cirndensation of allylmagnesium chloride with benzyl chloride
(reference 4), and by treatment of 4-phenyl-l-bromobutane with
alkall {(reference 5). A Wurtz-Fittig synthesis with bromobsnzense
and butyl bromide is reported in refersnce 6 for the preparation of
butylbenzene in excellent yleld. The Friedel-Crafts resction of
butyryl chloride with benzens and subsoquent reduction of the reac-
tlon product by the Wolff-Klshner mothod were ubtilized in refer-
snce 7. The oondengation of phenylmagnesium bromlde and butyr-
aldehyle 1s reportud by A.P.I, hydrocarbon Fesearch proJact 45 ,to
give l-phenyl - l-butanol, which weas dehydratsd to the olefin and
hydrogenated t© yield butylbenzense,

The proparation deseribed heroin, which was begun in April 1944,
1g presented 1in two main sections: (a) & general discussion of the
method and prssentation of the yilelds and the physical constants of
the hydrocarbons and (b) the oxperimental details.

DISCUSSION OF SYNTHESIS .

Tro method .used at—the Cleveland laboratory for the synthesis of
butylbenzene consigts in the condensation of benzylmagnesium chloride
wilth allyl chlorids to give 4-phenyl~-l-butenc followed dy hydrogena-
tion of this olefin. The proparation of the olefin was accompanied
by & large ylold of dibenzyl and a small amount of—toluene. Iibenzyl
is appsreuntly Pormed by the condensatlion of benzylmagnesium chiloride
with benzyl chloride, and toluene 1s formed by hydrolysls of the
Grignerl reagent. Both impurities are easily separated from the
desired olefin The yields of the three products obtained from a

Product Tleld
(kg) | (percent)
Toluene Q.7 1.9
Dibeuzyl 17.0] 47.3
4-PlLenyl-l-butene!18,8 36.0
 Total me-w- wemm|c—wm]| 85,2
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The position of the double bond in 4-phenyl-A-butene was d.etermined.
by ozonization followed by oxidation.. The isolation of B ~-phenyl-
proplonic acid confirm.d the structure of thls oleéfin. The hydro-~
genation of the double bond in 4-phenyl- -1-butene was carried out
wlth extreme ease and gave a quantitative yleld of butylbenzense.
When the hydrogenation was conducted at elewated tcmperatures, the
regulting product was hutylcyolohexanf Th:: reactions are illus—
trated as follows: .

Bp0 -
B s CeHsCHs
//( ,  (Toluene)
} Mgz
CeHsCECl  “Hener > CefCEMeCl | o
(Benzyl chloride) (Bsnzylmagnesium\‘ ol Tt
' chlorido) N S
i C CH,C1
| N 2655 TR 0gH0R, 08,08y
‘ "(Dibenzyl)
CH,=CH-CH,CL ..
(#11y1 chlorids)
i
] Ho+Ni ' - Ho+N1 : -
CsHSCH20H2CE2CH3 (—6-—0-0—0— CSHSCH_ZCHZCHéqHZ_ -*—ﬁ'(—)—o————)- CGHllCEZCHZCHZCHS
(Butylbenz-ne) (4-Phenyl~-l~butens) _ (Butylcyclohexane)
; . X - s . R
;.
}
v .
O5+H202
|
13
b |
CgHgCHRCHCO0K . & - r o sign -
(R-Phenylpropionic - - TELTTT e

acid)

Both 4-phonyl-~l-butenz and bubylbenze ms wore obtained in d
high state of purity, as shqwn by the fvaez1nu_curves in figures 1
and 2. A freezing curve for thoe engine sumgle of | Dutylbenzcne is
also Included (fig. 3). Tomperatures werd measured with” a plaﬁinum

e - o
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reslgtancb thermometer Physilcal constants of butylbenzene and
4- phenyl lJbutene determined at the Cleveland laboratory ars

recnrdﬁd 1n table I as well as values from'é number of.referetgh
- B 2 L (e LIy 4 Y v s

e . L . . .
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““‘1 FXPERIMENTAu DETAILS o ) Ca. e
Ereparation of 4 phenyl -l-butens. - A glass-lined reactor with

a 100-gallon capacity was used for the synthesis. The reactor was

Jacketed for steam and hot or cold water and was equipped with a

poweyr atirrer, en efficient reflux conlenser, and & copper tank for

the ‘Bdditiomr of liquids. In the react r 9.6 kilograms (395 moles)

of magnesium turnlngs was covered with 10 gallons of ether, which

was previously dried by passing it through a 2-inch by 10-foot

column of Florite. An ether solution containing 2 moles of benzyl-

magreglum chloride and 1.8 kilograms of benzyl chloride was added

to ths mixturs. After the initisl reactlon had subsided, reflux

vas mai*tained by the continuous addituon of 48,1 kilograms of

benzFt chlorids” ‘diBvolved. in 10 gallony of ethers— The preparation

of the, Grisnard ruacent required 2 days. Titration of a. sample .

with 5353 1ndicated the presenca of approximately 350 moles of

Grignerd reagent. o oo

A, 30.3-kilogram quantity (694 moles) of allyl chloride diseolved d
in 13 gallons of ether was added to_the Grignard reagent at such a
ratethat rapld roflux was maintainod._ The condensation required
2 days’ efrer which the reaction mixture no lapgor showed gvldence of
the »¥issnce of rignard reqpent when tested with Mighler's ketone.
The *edction miXture was then hydrolyzed by the addition of 33 gal-
lonsimf-5-pordent hydrochloric . acid.” The acid layer wag Erave . off . o e
and “he athar-bydrocarbon layer was washed saccess;valy in tae reactor
withi#5~gallon portlune of water, 5-percent sodium picarbcnate solu-
tion's &ri wabtor, Kther, unreacted 811yl chloride, and puesibly
1,5 hax;¢iune were then d1stilled from the resaction mixiture. The
rusiduc conslisted of £3.1 kilograms of a yollow flucrascint hyrdvo-
carbon mixturo that gavo a slightly positive Bollsiteig *egt.__Tals
mixture was stfvred in a 12-gallon bottle with C.2 kilcg.en of sliced
sodiwm metal for sover-~l days after which the golid mane—isi wasz
removed by filtrati-n, Tho halogen-free filtrasc wes then diptilled
in a fractionating column of 20-gallon capacity wita & 2-insh oy
12-foot packed column. The ppoducts and yields are listed in the
preceding dec¢tion and the physical constants of 4~phenyl ~-l-butsne
are limted in table I. . _ L i m
Ozonolyais of 442henyl ~l-butenw. - In order to'dctermine ths
pwsition_af the double bond in 4-phenyl-l-butepne, the oloefin was
ozonized and the ozonide docampased with hydrogen peroxide. A cooled
solution contalning 13.2 grams of 4-phenyl-l-butene in 90 ¢c of .
: : N _ = o o R <
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absolute ethyl ascetate was. saturated with ozone. The solvent was
evaporated in -a; atream of air at room temperature and .was replaced
by 50 cc of glacial acetic acid. This golution was placed in a
three-necked flagk and a mixture consisting of 50 cc of water,

1 cc of concentrated sulfuric acld, and 35 grams of hydrogen per—
oxide (30-percent solution) was added dropwiss. . e

The resulting mixtqre wag-refluxed for 2 hours, cooled in an
lce bath, and extracted with ether. The ethor layer was dried and
the solvent removed leaving a yellow oll that crystallized from a
large volume of water. p-Phenylpropionic ecid (8.0 grams of needles)
was obtained on one recrystallization: melting point, 46° to 47.5° C;
neutral equivalent, 150; p-bromophvnacyl ester: melting point, 103°
to 104° C. These constents agree well with the following values
_given in reference 8 — B-phenylpropionic_acid melting point, 48° C;
neutral equivalent, 150; p-bromophenacyl sster: melting point, 104° c.

Preoparation of butylbenzene. - Bubtylbenzene was prepared from
7.5 kilograms (55.8 moles) of 4-phenyl-l-butene in which was suspended
2 percent of U.0.P. Hydrogenation Catalyst (nickel on kieselguhr).
The reaction was carried out in a steel asutoclave of 20-liter capacity,
fitted with a rocker—type ‘shaker. Hydrogen gas was added and heat
applied. At 60° C and a pressure of 1000 pounds per squars inch, the
reoaction proceeded eaglly and -the theoretlcal gquantity of hydrogen
was consumed. The reaction was qulibe, exothermic., After cooling, the
contents were removed and filtered, and the colorless butylbenzene
was subJected to fractional distlllation in a 100—theoretical—plate
column of 20-gellon capacity. The yiald of butylbenzene was quanti-
tative and about 13 gallons .was produced by this method. The physical
congtants are listed in tdble I'.

Butylclyclchexane was obbained when the olefin was hydrogenated
at higher tem@eratureg. A 60-percent yleld was obtalned at 170° ¢

't
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and a presgure of 1000 pounds per sduare lnch. The physical con-
gtanss of the butylecyclohexane agreed favorably with the values in
refenrence 12, - )

Alrcraft Engine Remearch Laﬁoratory,
National Advigory Committee for Aeronautics,
Cleveland, Ohio, August 23, 1945.
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TABLE I - PHYSICAL CONSTANTS OF BUTYLBENZENE AND 4-PHENYL-1-BUTENE

Boiling polnt Refrac-|Denslty |Freez-
Compound Source of Temperaturs|Pres-|tive at 20° Cling
constants (°c) sure |index |(grams/ |point
(mm) | 520 ml) (°c)
D

4-Phenyl-1l- |NACA Cleveland 181.5 760 |1.5074 0.8822 {-69.95
butene laboratory

Reference 1 62.5 13 (1.5064 8915 |~===-==

Reference 2 175-177 |e=weme]=cmen—— 906 |-=m=me—

Reference 3 181-182 |~=cmejemmence|ceaccana mene——

Reference 5 75.0 15 11.520 .890 —————

Reference 8 175.0 | wm=e== 1.5090 | ~emwemceeleceana

Reference 9 177-178 754 {1.5059 8831 j—===m=

Butylbenzene |NACA Cleveland 183.3 760 |1.4899 0.8601 [-87.97
laboratory®

NACA Cleveland 183.2 760 11.4898 .8601 |-88,19
laboratory

Reference 6 181-184 L R e I L LT T T P

Reference 7 | =-~w-rvcemelemuw- 1.4899 W8613 |-=mmmm

Refsrence 10 182.1-183.1] 760 [1.4880C BEES |=mmemmm

Reference 1l |-w-e-=mcmcelaccao|-ax R T T ey -88.5

Brpegt™ sample.
bEngine sample.

National Advisory Committes

for Aeronautics
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